The strong repellency of hinokitiol (b-thujaplicine) to the cigarette beetle was reported in a previous paper. In this study, the practicability of using hinokitiol as a repellent against the beetle was evaluated. The effect of hinokitiol on the behavioral response of the beetle to food-attractant lure was observed with a video system. The frequency of the beetle approaching the hinokitiol-treatment filter paper on which a food-attractant lure was placed was much less than that to the control filter paper. The resident time on the treatment paper was also much less than that on the control paper. Filter paper tapes treated with hinokitiol prevented the beetles from entering the sticky trap with food-attractant lure when the tapes were attached near the entrance of the trap. Furthermore, repellency of hinokitiol was evaluated in a semi-field test. Tapes treated with hinokitiol attached around the openings of the cardboard boxes containing cured tobacco leaves prevented the beetles from entering the boxes. The number of beetles entering the treatment boxes was less than half that of the control boxes. It appears that hinokitiol is a useful repellent against the cigarette beetle.
INTRODUCTION
The cigarette beetle, Lasioderma serricorne (Fabricius) is a serious pest of stored products (Hill, 1990; Ryan, 1995) . At present, this pest is mainly being controlled by sanitization, remodeling equipment and fumigation. There are few control methods that can directly prevent the beetles from invading stored products. Adult females attracted by the odor of the stored products oviposit in these products. Hatched larvae feed on the products and cause damage to them. If females can be prevented from entering the products, the risk of product loss caused by the beetles can be reduced. Repellents would be a useful tool in an integrated management program to control this pest, because they could prevent the beetles from invading the products. This pest is repelled by various plant essential oils and plant components such as shiso oil, savory oil, perillaldehyde and hinokitiol (bthujaplicine) (Hori, 2003 (Hori, , 2004a .
Hinokitiol is found in essential oils extracted from plants such as Thujopsis dolabrata var. hondai, Thuja plicata and Chamaecyparis taiwanensis (Okuda, 1968) . Hinokitiol has been used in various commodities such as clothes, packages for foods, hair restorer, and tooth powder, because this compound has various physiological activities such as antifungal, acaricidal , antimicrobial, metalloprotease inhibitory (Inamori et al., 1999) , antitermitic (Nakashima and Shimizu, 1972) and phytogrowth inhibitory . However, there have been few reports on the repellency of hinokitiol against insects. The author found a strong repellency of hinokitiol against the cigarette beetle and reported it in a previous paper (Hori, 2004b) . The repellency of hinokitiol is much stronger than that of the other plant components and essential oils known as repellents. However, repellency of hinokitiol has only been proved by olfactometer test, and it is not known whether hinokitiol is useful in practical terms as a repellent against the beetle. In this study, the practicability of hinokitiol as a repellent against the cigarette beetle was evaluated.
MATERIALS AND METHODS
Insects. The cigarette beetles used for the tests were obtained from cultures that have been maintained for several years in the laboratory. They were reared on cured tobacco powder in plastic containers (130 mm in diameter, 73 mm high) at 27Ϯ2°C and 70Ϯ5% relative humidity. Four to 8-day-old adult beetles were collected from the rearing containers and used for all experiments.
Hinokitiol. Hinokitiol was obtained from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan).
Effect of hinokitiol on the behavioral response to food-attractant lure. The assay was conducted in a glass dish (90 mm in diameter, 20 mm high, Fig. 1 ). A piece of filter paper (30 mm in diameter) treated with acetone solution of hinokitiol at a dose of 1 mg hinokitiol/cm 2 was placed at the center of the bottom of the dish. For the control, a piece of filter paper treated only with acetone was placed on the dish. A food-attractant lure (14 mm in diameter, 3.3 mm high) used as a sticky trap for the cigarette beetle (New SERRICO ® , FUJI FLAVOR Co., Ltd., Tokyo, Japan) was placed at the center of the filter paper. An adult female cigarette beetle was released on the rim of the bottom of the glass dish. Each area was defined as shown in Fig. 1 . The behavior of the beetle in the glass dish was observed for 1 h, and recorded with a video system. The video system consisted of a CCD camera (Panasonic WV-BL90), a time lapse video cassette recorder (Panasonic AG-6730) with a time recording function and a video monitor (Sony PVM-146J). After recording, the behavior of the beetles recorded on the cassette tape was reproduced and the position of the beetles in the glass dish registered with the elapsed time. Twenty replications were performed. Assays were carried out under light conditions at 24-26°C.
Evaluation of the inhibitory effect of hinokitiol on entering the sticky trap. A piece of filter paper (10ϫ140 mm, ADVANTEC, No. 2) treated with a 140 ml (10 ml/cm 2 ) acetone solution of hinokitiol was attached to both sides of the flap of the sticky trap (New SERRICO ® , FUJI FLAVOR Co., Ltd., Tokyo, Japan) (Fig. 2) . Only food-attractant lure was placed in the trap because females alone were used for the test. The trap was placed at the center of the bottom of the breeding cage (35ϫ35ϫ50 cm). Three hundred females were released into the cage. After 3 h, the number of beetles caught in the trap was counted. Tests were carried out under both light and dark conditions at 24-26°C. Four replications were performed for each dose.
Semi-field test. Beetles were released into the room (532ϫ256 cm) and allowed to choose between the cured tobacco leaves contained in the treatment and control cardboard boxes (27ϫ37ϫ 15.6 cm) (Fig. 3) . The treatment boxes were placed in two corners of the room, and the control boxes were placed in the other two corners. The treatment and control boxes were placed alternately. The cardboard boxes had an opening of 33 cm in length and 1 cm in width at the middle of the ceiling to allow the beetles to enter the boxes. The filter paper (ADVANTEC, No. 2) tape treated with acetone solution of hinokitiol (1 mg/cm 2 ) was attached around the opening of the treatment box. In the control, filter paper tape treated with acetone without hinokitiol was attached in the same way as the treatment box. Cured tobacco leaves (800 g) were put in a plastic case (25.5ϫ32ϫ11.5 cm) whose ceiling was made of nylon mesh (30-mesh screen). The plastic case containing cured tobacco leaves was placed in the cardboard box. Two thousand five hundred adult beetles were released equidistant from each box. After 67 h, each box was dismantled and the number of beetles in the box was counted. The sum of the number of beetles in the two treatment boxes was compared with that in the two control boxes. Four replications were per- formed for each test. The location of the control and treatment boxes was alternated for each replication. The tests were carried out under both light and dark conditions at 24-26°C.
RESULTS

Effect of hinokitiol on the behavioral response to food-attractant lure
The frequency of entering each area, the total and average resident times in each area and the maximum resident time of 1 h were obtained from the measurement of 20 beetles (Table 1) .
Hinokitiol prevented the beetles from both approaching and settling. The frequencies of entering area T and 1 in the treatment were 2.5 and 18.1% of the control, respectively. In the treatment, the beetles stayed most of the test time at area 2 and spent little time at area T. Total, average and maximum resident times at area T in the treatment were 2.4, 7.3 and 4.3% of the control, respectively. In contrast, total, average and maximum resident times at area 2 in the treatment were 4, 62 and 16 times as long as those in the control, respectively.
Inhibitory effect of hinokitiol on entering the sticky trap
Hinokitiol prevented the beetles from entering the trap under both light and dark conditions (Fig. 4) . The total number of beetles caught in the traps decreased with increasing doses of hinokitiol. Hinokitiol significantly prevented the beetles from entering the traps at a dose of 0.1 mg/cm 2 and strongly prevented them at a dose of 0.5 mg/cm tion, the total numbers in the treatment traps at doses of 0.01, 0.1 and 0.5-2 mg/cm 2 were 87, 60 and 17% of the control traps, respectively.
Semi-field test
Hinokitiol treatment around the openings of the cardboard boxes prevented the beetles from entering the boxes under both dark and light conditions (Fig. 5) . The inhibitory effect of the 0.5 cm wide hinokitiol tape was less than that of the 1 or 2 cm wide tape. The inhibitory effect of the 2 cm wide hinokitiol tape was the same as that of the 1 cm wide tape. The total number of beetles entering the treatment boxes was ca. 50% that of the control boxes with a 0.5 cm wide tape. Under the dark condition, the total numbers of beetles entering the treatment boxes were ca. 30% of the control boxes with tape widths of 1 and 2 cm. Under the light condition, the total number of beetles entering the treatment boxes was ca. 40% that of the control boxes with a 1 cm wide tape.
DISCUSSION
Effectiveness of hinokitiol as a repellent against the beetles was proven in the semi-field test. Observations revealed that the beetles usually did not enter the boxes by flying directly through the openings. The beetles, which arrived at the boxes by flying and walking, walked on the surface of the boxes and entered the boxes by walking through the openings. Hinokitiol prevents the beetles from both approaching and settling, as shown in Table 1 . In the semi-field test, the beetles could not enter the treatment cardboard boxes because they avoided approaching and walking on the tapes treated with hinokitiol.
The cigarette beetle has a propensity to enter and stay at narrow openings. The beetle can easily invade stored products in packages through extremely narrow openings of the packages. Furthermore, institutions and facilities have many narrow openings. The beetles enter, stay and multiply at these openings and some of them move to other openings or stored products. Hinokitiol treatment around the openings of packages, institutions and facilities may be able to reduce the risk of product losses and claims, because entering of the beetles at the openings was inhibited by hinokitiol.
The cigarette beetles entered the boxes containing cured tobacco leaves under both light and dark conditions in the semi-field tests. This result shows that the beetles can invade the stored products both in light and dark places. Therefore, repellents for the cigarette beetles need to be effective under both conditions. Hinokitiol was effective in this regard as well because it showed repellency under both conditions in the trap and semi-field test.
Hinokitiol sublimes easily at room temperature (Nogami, 2001) . It is thought that the vapor of hinokitiol that sublimes acts on the antennae of the cigarette beetles and repels them. However, residual activity is very important for practical use. Therefore, there is a necessity to develop release control methods of hinokitiol in order to put hinokitiol to practical use as a repellent. 
